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(57) The present invention has an object to provide 
a comnnunication equipment, a communication method, 
a communication program, a recording medium, a mo- 
bile station, a base station, and a communication sys- 
tem, which are capable of assuring the quality of servtee. 

in order to achieve the above object of the present 
invention, a packet discriminating portion 1 01 distrib- 
utes packets having different qualities of service Into 
three buffer groups consisting of a real-time RT buffer 
group, a quasi real-time QRT buffer group, and a non 
real-time NRT buffer group based on additional informa- 
tion attached to the packets to store the packets in re- 
sponse to empty states of respective buffers in the K 
buffer groups, a boundary assignment controlling por- 
tion 105 circulates through three buffer groups every 
predetemilned unit time to check presence of stored 
packets and circulates through respective buffers in the 
buffer group having the stored packet to pick up the 
stored packets sequentially, and a CDMA-multlplexIng 
processing portion 111 code-multiplexes the packets 
that are picked up by the boundary assignment control- 
ling portion 1 05 every unit time to get a transmitted out- 
put "or 
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Description 

<Technical Field> 

[0001 1 The present Invention relates to a communlca- 5 
tion equipment, a communication method, a program 
used to execute the communication method, a recording 
medium for recording the program, a mobile station, a 
base station, and a communication system and, more 
particularly, a communication equipment, a communica- io 
tion method, a communication program, a recording me- 
dium, a mobDe station, a base station, and a communi- 
cation system, which are capable of assuring quality of 
service by executing signal assignment of up signals 
and down signals with regard to the quality of service in is 
the packet communication using the CDMA (Code Divi- 
sion Multiple Access) system, etc. 

<Background Art> 

[0002] The signal assignment of up signals and down 

signals executed in the packet communication using the 
CDMA system in the related art will be explained with 
reference to FIG. 13 to FIG.19C hereunder. FIG. 13 is a 
conflguratlve view of a signal-assignment executing 
portion In a communication equipment (base station) In 
the related art. FIG.14 is an explanatory view explaining 
an outline of a communication method (assigning meth- 
od of down signals) in the related art. FIGs.lSA, 15B, 
and 1 5C are time charts showing which transmitted out- 
puts can be obtained in response to particular received 
inputs (packet input group) in the related art. FIG.16A 
to FIG.19C are explanatory views explaining stored 
states of packets in respective buffers BFRT1 to BFRT6, 
BFQRT1 to BFQRT4. BFNRT1 to BFNRT4 In a first 
fr£vne output period (time slots Til to T18), a second 
frame output period (time slots T21 to T28), a third frame 
output period (time slots T31 to T36), and a fourth frame 
output period (time slots T41 to T48) in the related art 
respectivety. 

[0003] First, a configuration of a signal>asslgnment 
executing portion of the communication equipment in 
the related art will be explained with reference to FIG. 
13. In the same figure, the portion is constructed to have 
a packet discriminating portion 101. buffers BFRT1 to 
BFRT6. BFQRT1 to BFQRT4, BFNRT1 to BFNRT4, an 
assignment control portion 905, a first transmission buff- 
er 1 09, a second transmission buffer 11 0, a CDMA-mul- 
tiplexing processing portion 111, and switches SW6, 
SW7. 

[0004] The packet discriminating portion 101 allo- 
cates a packet of a received input ir to a predetermined 
buffer in response to empty states of the buffers BFRT1 
to BFRT6, BFQRT1 to BFQRT4, BFNRT1 to BFNRT4. 
More particulariy, a route for the predetermined buffer 
is established by switching the switch SW6 according to 
a control signal CfsTTS. 

[0005] In this case, in the present related art, delay 
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qualities (real-time RT, quasi real-time QRT, and non re- 
aMIme NRT) are discriminated by the packet discrimi- 
nating portion 101 based on additional Infonnation 
(header) attached to the packets, and then the packets 
are distributed to the RT buffer group BFRT1 to BFRT6, 
the QRT buffer group BFQRT1 to BFQRT4, the NRT 
buffer group BFNRT1 to BFNRT4 according to the dis- 
crimination result respectively. This Is because such dis- 
tribution makes it possible to compare the related art 
with embodiments of the present invention described 
later. Therefore, when the signal assignment method in 
the related art Is applied, no essential difference is no- 
ticed depending on whether or not such distribution is 
employed. 

[0006] Here, as the service provided by the commu- 
nteatlon system in which the base station in the present 
related art is contained, there are voice call, Internet ac- 
cess, transmission/reception of the electronic mail, etc. 
As the delay qualities, the data communication such as 
the voice call, etc., the delay tolerance of which Is small, 
con^esponds to the real-time RTcommunteation, the da- 
ta communication such as Internet response, etc., which 
a relatively high responsibility is required of, corre- 
sponds to the quasi real-time QRTcommunteation, and 
the data communication such as the electronic mail, 
etc., the delay tolerance of which Is relatively large, cor- 
responds to the non real-time NRT communication. 
[0007] Then, as shown in FIG.14, while checking the 
presence of the stored packet in respective buffers 
based on status information NOR1 to NOR6, NOQ1 to 
NOQ4, NON1 to NON4 supplied from the buffers BFRT1 
to BFRT6, BFQRT1 to BFQRT4, and BFNRT1 to 
BFNRT4, the assignment control portion 905 circulates 
respective buffers like BFRT1-^FRT2 
-^BFRT6-^BFQRT1 ...->BFQRT4-»BFNRT1->... 
->BFNRT4-^BFRT1 to pick up the stored packet 
sequentially. In other words, the round robin approach 
that pennits to assign the look-up chance to every buffer 
fairly is employed. More particularly, a route for the first 
transmission buffer 109 is established by switching the 
switch SW7 based on the control signal CrvlTV. 
[0008] Also, the first transmission buffer 1 09 and the 
second transmission buffer 110 are two transmission 
buffers that are prepared since the number of multiplex- 
ing codes In CDMA Is set to 2. Respective outputs are 
diffused as a first code 112 and a second code 113 In 
the CDMA-multiplexing processing portion 111, and 
then multiplexed by an adder 114 to get a transmitted 
output ot. 

[0009] Next, while taking account of the transition of 
stored states of the packet in respective buffers BFRT1 
to BFRT6, BFQRT1 to BFQRT4, and BFNRT1 to 
BFNRT4, the communication method in the communi- 
cation equipment in the related art, i.e., which transmit- 
ted output can be obtained in response to the particular 
received inputs (packet input group), will be explained 
with reference to FIG,15Ato FIG.19C hereunder. In this 
particular example, explanation will be made under the 
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assumption that the transmitted output ot has the code 
number=2 and 8 slots per one frame. Also, explanation 
will be made in the situation that, as shown FIG.15B, 
respective time slots of the output frame, i.e., time slots 
T01 to T08 in the pre-output period, time slots T11 to 
T18 in the first frame output period, time slots T21 to 
T28 in the second frame output period, time slots T31 
to T38 in the third frame output period, and time slots 
T41 to T48 in the fourth frame output period are em- 
ployed as a time base. 

[0010] FiG.15A shows a packet group of the received 
Inputs ir in respective time slots. Names are appended 
to respective packets. For example, "AQ11 , AQ12" de- 
note that this packet Is one QRT (quasi reai-time) packet 
in an Input A group and elements of the packet are AQ1 1 
and AQ12. As can be seen from the same figure, since 
the RT (real-time) packet Is the sound data, only a short 
packet having one element Is present and also this 
packet is received at a regular interval every eight time 
slots. In contrast, with respect to the QRT (quasi reai- 
time) packet such as the response data for the Intemet 
access, etc., the packets that have one, two, or four el- 
ements and are different in size are received at an irreg- 
ular interval. Also, with respect to the NRT (non real- 
time) packet such as the electronic mail data, etc., the 
packets having one, two, four, or six elements and hav- 
ing various sizes are received at an in'egular interval. 
[001 1 ] FIG. 1 5C shows contents of the first transmis- 
sion buffer 1 09 and the second transmission buffer 1 1 0 
in respective time slots from the first frame to the fourth 
frame, i.e., contents of the multiplexed first code 112 and 
the multiplexed second code 113. 
[0012] FIGS.16A, 16B, and 16C show transitions of 
the stored packets in respective buffers in the first frame 
output period (time slots T11 to T18) and the time slot 
T08 in pre-output period. The looking-up of the buffer by 
the round robin approach Is started from the RT buffer 
BFRT1 , and an RT packet AR11 and an RT packet AR21 
are output sequentially from the RT buffer BFRT1 and 
the RT buffer BFRT2 in the time slot T08, and they are 
multiplexed in the time slot T1 1 and are transmitted/out- 
put. 

[0013] If attention will be still paid only to buffer out- 
puts similarly in the following, an RT packet AR31 and 
an RT packet AR41 are output sequentially from the RT 
buffer BFRT3 and the RT buffer BFRT4 in the time slot 
T11 respectively. Then, the looking-up of the buffer 
reaches the QRT buffer BFQRT2 in the time slot T12 
based on the round robin, and QRT packets AQ11, 
AQ12 are output sequentially from this buffer. Then, a 
QRT packet AQ21 and an NRT packet AN21 are output 
sequentially from the QRT buffer BFQRT3 and the NRT 
•buffer BFNRT1 in the time slot T13 respectively. Also, 
NRT packets AN22, AN11 are output sequentially from 
the NRT buffers BFNRT1 , BFNRT2 in the time slot T1 4 
respectively, and NRT packets AN31 , AN32 are output 
sequentially from the NRT buffer BFNRT3 in the time 
slot T1 5 respectively, and NRT packets AN33, AN34are 
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output sequentially from the NRT buffer BFNRT3 in the 
time slot T1 6 respectively. In addition, the looking-up of 
the buffer goes back to the RT buffer BFRT1 In the time 
slot T17 based on the round robin, and RT packets 

5 BR1 1 , BR21 are output sequentially from the RT buffers 
BFRT1 , BFRT2 respectively. Then, RT packets BR31 , 
BR41 are output sequentially from the RT buffers 
BFRT3, BFRT4 In the time slot T18 respectively. 
[0014] Then, similarly in FIGs.17A, 178, and 17C (for 

10 the sake of simplicity, their names are omitted), BQ11 , 
BQ1 2 are output sequentially from BFQRT1 in T21 , then 
BQ21, BQ41 are output sequentially from BFQRT2, 
BFQRT4 In T22, then BQ42, BQ43 are output sequen- 
tially from BFQRT4 inT23, then BQ44, BN41 are output 

15 sequentially from BFQRT4. BFNRT1 inT24. then BN42, 
BN21 are output sequentially from BFNRT1, BFNRT2 
In T25, then CN11, CN12 are output sequentially from 
BFNRT3 In T26, then CN13, CN14 are output sequen- 
tially from BFNRT3 in T27. and then CN21 , CN22 are 

20 output sequentially from BFNRT4 in T28. 

[0015] Also, similarly in FtGs.18A. 18B, and 18C, 
CN23, CN24 are output sequentially from BFNRT4 in 
T31, then CR11, CR21 are output sequentially from 
BFRT1 , BFRT2 in T32, then CR31 , CR41 are output se- 

25 quentially from BFRT3. BFRT4 in T33. then BQ31 , BN1 1 
are output sequentially from BFQRT1 , BFNRT1 in T34, 
then BN12, DN11 are output sequentially fromBFNRTI, 
BFNRT2 in T35, then DN31 , DN32 are output sequen- 
tially from BFNRT3 in T36, then DN33, DN34 are output 

30 sequentially from BFNRT3 in T37, and then DN35, 
DN36 are output sequentially from BFNRT3 in T38. 
[0016] In addition, similarly in FIGS.19A, 19B, and 
1 9C, DN71 , DN72 are output sequentially from BFNRT4 
in T41 , then DN73, DN74 are output sequentially from 

35 BFNRT4 in T42, then DN75, DN76 are output sequen- 
tially from BFNRT4 inT43, then DR21 , CR41 are output 
sequentially from BFRT1 , BFRT2 in T44, then DR51 , 
CR61 are output sequentially from BFRT3, BFRT4 in 
T45, then DR11, CR31 are output sequentially from 

40 BFRT5, BFRT6 in T46, then DN21 , DN22 are output se- 
quentially from BFNRT1 In T47, and then DN51 , DN52 
are output sequentially from BFNRT2 in T48. 
[0017] As described above, in the communication 
equipment and the communication method in the relat- 

45 ed art. the packet having any delay quality such as RT 
(real-time) packet of the sound data, etc., QRT (quasi 
real-time) packet of the response data in the Intemet 
access, etc., or NRT (non real-time) packet of the elec- 
tronic mail data, etc. can be assigned fairiy by the round 

50 robin approach. Therefore, if the large NRT packet is 
present, the delay Is caused in the RT packet that has 
the small delay tolerance. In the above partk:ular exam- 
ple (see FIGS.15A, 15B, and 15C). In the time slots T43 
to T46 n the fourth frame, such a situation is brought 

55 aboutthatthe RT packets DR11 to DR31 have not been 
sent out yet when subsequent RT packets ER11 to 
ER31 arrive at there. 

[0018] Also, as described above, various types of 
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packets are present, and they have different quality of 
service (QoS) such as the delay quality, or the like re- 
spectively. Out of thenn, severe limitation of the delay 
time is particularly imposed on the sound data, etc. Also, 
since the sound packet must be decoded finally at a reg- 
ular interval, following problems are caused if delay fluc- 
tuation (delay jitter) is present. That is, since decoding 
delay of the sound packet is dominated by the maximum 
delay time, the buffer is required to absorb the delay jitter 
(on the side at which the decoding is executed). Thus, 
the buffer having the larger capacity is needed as the 
delay jitter is Increased larger. For example, in the line 
in which the delay of the sound packet becomes 1 [ms], 

5 [rns], 3 [ms], 8 [ms], 2 [ms] the sound is decoded 

to meet the maximum delay time of 8 [ms]. As a result, 
in order to absorb this delay jitter, the buffer having a 
size to compensate 8-1=7 [ms] should be provided. 
[0019] In the communication equipment and the com- 
munbatron method in the related art, in the particular 
example (see FIGs.15A, 15B, and 15C), the sending in- 
terval of the RT packet is varied, and thus the delay jitter 
of the RT packet is present. Also, it is apparent that, if 
the large NfTT packet Is present, the delay jitter of the 
RT packet is further increased. With respect to such RT 
packet having the severe limitation of the delay time, an 
approach for applying the signal assignment to the RT 
packet prior to the packets (QRT packet, NRT packet) 
having other delay quality every time when the RT pack- 
et occurs may be considered. But it is difficult to execute 
this assignment control in a moment. 
[0020] In other words, in the communication equip- 
ment and the communication method in the related art. 
It is difficult to assign the signals having various required 
qualities so as to satisfy all requirements. Also, in the 
CDMA system , if the signals having different qualities of 
service (QoS) are multiplexed simultaneously, the trans- 
mission power is largely different owing to difference in 
required quality. In particular, in the multipath environ- 
ment, etc., it is difficult to hold the signal quality of a small 
power. 

[0021] The present inventk>n has been made in view 
of the above circumstances in the related art, and it is 
an object of the present Invention to provide a comnriu- 
nication equipment, a communication method, a com- 
munication program, a recording medium, a mobile sta- 
tion, a base station, and a communication system, which 
are capable of assuring quality of service such as delay 
quality, etc. by executing signal assignment of up sig- 
nals and down signals with regard to the quality of serv- 
ice in the paclcet communication using the CDMA, etc. 

<Disclosure of the lnvention> 

[0022] In order to overcome the above subjects, a 
communication equipment set forth in claim 1 of the 
present invention comprises a discriminating means for 
distributing signals having different qualities of service 
every quality of service; a boundary assignment control- 



ling means for assigning the signals, which are distrib- 
uted every quality of service, to different times; and a 
code- multiplexing processing means for code-multi- 
plexing the signals every time that Is assigned by the 

5 boundary assignment controlling means. 

Also, a communication equipment set forth in claim 2 of 
the present invention comprises a plurality of buffer 
groups partitioned into groups every quality of service; 
a discriminating means for distributing packets having 

10 different qualities of service into the plurality of buffer 
groups based on additional information attached to the 
packets; a boundary assignment controlling means for 
assigning the packets, which are stored in the plurality 
of buffer groups, to different times every buffer group to 

15 pick up the packets; and a code-multiplexing processing 
means for code-multiplexing the packets that are picked 
up by the boundary assignment controlling means every 
different time. 

[0023] Also, a communication equipment set forth in 

20 claim 3 of the present invention comprises K (K is an 
integral number in excess of 2) buffer groups partitioned 
Into K groups from a first group to a K-th group every 
quality of service; a discriminating means for distributing 
packets having different qualities of service into the K 

25 buffer groups based on additional information attached 
to the packets to store the packets in response to empty 
states of respective buffers in the K buffer groups; a 
boundary assignment controlling means for circulating 
through the K buffer groups every predetermined unit 

30 time to check presence of stored packets, and circulat- 
ing through respective buffers In the buffer group having 
the stored packet to pick up the stored packets sequen- 
tially; and a code-multiplexing processing means for 
code-multiplexing the packets that are picked up by the 

35 boundary assignment controlling means every unit time. 
[0024] Also, in a communk^ation equipment set forth 
In claim 4 of the present Invention, in the communication 
equipment according to any of claims 1 to 3, the bound- 
ary assignment controlling means sets a time width or 

40 a number of unit times every quality of service to change 
with a time when the signals or the packets are to be 
assigned to the different times or the unit time. 
Also, in a communication equipment set forth in claim 5 
of the present invention, in the communication equip- 

45 ment according to any of claims 1 to 4, the boundary 
assignment controlling means executes an assignment 
of the signals or the packets to the different times or the 
unit time in compliance with priorities based on the qual- 
ity of service of the signals or the packets. 

50 [0025] Also, in a communication equipment set forth 
in claim 6 of the present invention, in the communteation 
equipment according to any of claims 1 to 5, the quality 
of service is a delay quality that represents delay toler- 
ance or fluctuation in data transmission. 

55 Also, in a communication equipment set forth In claim 7 
of the present invention, in the communication equip- 
ment according to claim 6, the delay quality is real time 
whose degree of delay tolerance is less than a first tol- 
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erance, non real time whose degree of delay tolerance 
is more than a second tolerance, or quasi real time 
whose degree of delay tolerance is in a range from the 
first tolerance to the second tolerance. 
Also, In a communication equipment set forth in claim 8 
of the present invention, in the communication equip- 
ment according to claim 6, the delay quality is real time 
whose delay fluctuation is less than a first fluctuation 
threshold, non real time whose delay fluctuation Is more 
than a second fluctuation threshold, or quasi real time 
whose delay fluctuation is In a range from the first fluc- 
tuation threshold to the second fluctuation threshold. 
[0026] Also, in a communication equipment set forth 
in claim 9 of the present invention, in the communication 
equipment according to claim 7 or 8, the boundary as- 
signment controlling means executes assignment of the 
signals or the packets to>the different times or the unit 
time in order of the real time, the quasi real time, and 
the non real time. 

[0027] Also, in the communication equipment accord- 
ing to any of claims 1 to 9, a communication equipment 
set forth in ciaim 1 0 of the present invention further com- 
prises a call-connection controlling means for control- 
ling a connection of call to other station; and wherein, 
when the assignment of the signals or the packets to the 
different times or the unit time is to be executed at a 
regular time interval, the boundary assignment control- 
ling means sets a predetemnlned time width or a prede- 
termined number of unit times to the quality of service 
with a highest priority at a first interval of the regular time 
interval based on numbers of connection of call, which 
are connected by the call-connection controlling means. 
[0028] Also, a communication method set forth In 
claim 11 of the present invention comprises a discrimi- 
nating step of distributing signals having different qual- 
ities of service every quality of service; a boundary as- 
signment controlling step of assigning the signals, which 
are distributed every quality of servbe, to different times; 
and a code-multiplexing processing step of code-multi- 
plexing the signals every time that is assigned by the 
boundary assignment controlling means. 
[0029] Also, a communication method set forth in 
claim 12 of the present invention for a communication 
equipment having a plurality of buffer groups partitioned 
into groups every quality of service, comprises a dis- 
criminating step of distributing packets having different 
qualities of service into the plurality of buffer groups 
based on additional information attached to the packets; 
a boundary assignment controlling step of assigning the 
packets, whfch are stored in the plurality of buffer 
groups, to different times every buffer group to pick up 
the packets; and a code-multiplexing processing step of 
code-multiplexing the packets that are picked up by the 
boundary assignment controlling step every different 
time. 

[0030] Also, a communication method set forth in 
claim 13 of the present invention for a communication 
equipment having K (K is an integral number in excess 



of 2) buffer groups partitioned into K groups from a first 
groupto a K-th group every quality of service, comprises 
a discriminating step of distributing packets having dif- 
ferent qualities of service into the K buffer groups based 

5 on additional infomnation attached to the packets to 
store the packets in response to empty states of respec- 
tive buffers in the K buffer groups; a boundary assign- 
ment controlling step of circulating through the K buffer 
groups every predetermined unit time to check pres- 
to ence of stored packets, and circulating through respec- 
tive buffers in the buffer group having the stored packet 
to pick up the stored packets sequentially; and a code- 
multiplexing processing step of code-multiplexing the 
packets that are picked up by the boundary assignment 

15 controlling step every unit time. 

[0031] Also, in a communication method set forth in 
claim 14 of the present invention, in.the communication 
method according to any of claims 11 to 1 3, the bound- 
ary assignment controlling step sets a time width or a 

20 number of unit times every quality of sen^ice to change 
with a time when the signals or the packets are to be 
assigned to the different times or the unit time. 
[0032] Also, in a communication method set forth in 
claim 15 of the present invention, In the communtoation 

25 method according to any of claims 11 to 14, the bound- 
ary assignment controlling step executes an assign- 
ment of the signals or the packets to the different times 
or the unit time In compliance with priorities based on 
the quality of servbe of the signals or the packets. 

30 [0033] Also, in a communication method set forth in 
claim 16 of the present invention, in the communication 
method according to any of claims 11 to 15, the quality 
of service is a delay quality that represents delay toler- 
ance or fluctuation in data transmission. 

35 [0034] Also, in a communication method set forth in 
claim 17 of the present invention, in the communication 
method according to claim 1 6, the delay quality is real 
time whose degree of delay tolerance is less than a first 
tolerance, non real time whose degree of delay toler- 

40 ance is more than a second tolerance, or quasi real time 
whose degree of delay tolerance is in a range from the 
first tolerance to the second tolerance. 
[0035] Also, in a communbation method set forth in 
claim 1 8 of the present invention, in the communication 

45 method according to claim 1 6, the delay quality is real 
time whose delay fluctuation is less than a first fluctua- 
tion threshold, non real time whose delay fluctuation is 
more than a second fluctuation threshold, or quasi real 
time whose delay fluctuation is in a range from the first 

50 fluctuation threshold to the second fluctuation threshold. 
[0036] Also, In a communication method set forth in 
claim 19 of the present invention, in the communication 
method according to claim 17 or 18, the boundary as- 
signment controlling means executes assignment of the 

55 signals or the packets to the different times or the unit 
time in order of the real time, the quasi real time, and 
the non real time. 

[0037] Also, in the communication method according 
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to any of claims 11 to 19, a communication method set 
forth In claim 20 of the present invention further com- 
prises a call-connection controlling step of controlling a 
connection of call to other station; and wherein, when 
the assignment of the signals or the packets to the dif- 
ferent times or the unit time is to be executed at a regular 
time Interval, the boundary assignment controlling step 
sets a predetemriined time width or a predetermined 
number of unit times to the quality of service with a high- 
est priority at a first interval of the regular time interval 
based on numbers of connection of call, which are con- 
nected in the call-connection controlling step. 
[0038] Also, a communication program set forth in 
claim 21 of the present Invention for causing a computer 
to execute the communication method set forth in any 
of claims 1 1 to 20. 

[0039] Also, a computer-readable recording medium 
set forth in claim 22 of the present Invention for recording 
the communication method set forth in any of claims 11 
to 20 as a program that is executed by a computer 
Also, a mobile station set forth in claim 23 of the present 
invention has the communication equipment set forth in 
any of clsums 1 to 10, the communication program set 
forth In claim 21, or the recording medium set forth in 
claim 22. 

[0040] Also, a base station set forth in claim 24 of the 
present invention has the communication equipment set 
forth in any of claims 1 to 10, the communication pro- 
gram set forth in claim 21 , or the recording medium set 
forth in claim 22. 

[0041] Also, a communication system set forth in 
claim 25 of the present invention has the communication 
equipment set forth In any of claims 1 to 10, the com- 
munication program set forth in claim 21 , or the record- 
ing medium set forth in claim 22. 
[0042] In the communication equipment set forth in 
claim 1 , the communication method set forth in claim 1 1 , 
the communication program set forth in claim 21 , the 
recording medium set forth in claim 22, the mobile sta- 
tion set forth in claim 23, the base station set forth in 
claim 24, and the communication system set forth in 
claim 25 of the present Invention, the signals having dif- 
ferent qualities of service are distributed by the discrim- 
inating means (discriminating step) every quality of 
service, then the signals distributed every quality of 
service are assigned to different times by the boundary 
assignment control means (boundary assignment con- 
trolling step), and then the signals are code-multiplexed 
by the code-multiplexing processing means (code-mul- 
tiplexing processing step) every time that is assigned by 
the boundary assignment controlling means (boundary 
assignment controlling step). In this manner, the signals 
that are distributed every quality of service are assigned 
to different times. Therefore, the packets having the al- 
most sanne quality of servk:e can be assigned on the 
same time base, and drawbacks such as reductton in 
quality, etc., which are caused in the CDMA in the relat- 
ed art by multiplexing simultaneously the signals having 
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different qualities of service, can be overcome, and also 
the guarantee of the quality of service can be achieved 
easily. 

[0043] Also, in the communication equipment set forth 
5 In claim 2, the communication method set forth In claim 

1 2, the communication program set forth in claim 21 , the 
recording medium set forth in claim 22, the mobile sta- 
tion set forth in claim 23, the base station set forth in 
claim 24, and the communication system set forth in 

10 claim 25 of the present embodiment, the packets having 
different qualities of sen/ce are distributed to plural buff- 
er groups that are partitioned into groups every quality 
of service by the discriminating means (discriminating 
step) based on the additional information attached to the 

IS packets, then the packets stored in a plurality of buffer 
groups are assigned different times the boundary as- 
signment controlling means (boundary assignment con- 
trolling step) to pick up the packets, and then the packets 
that are picked up by the boundary assignment control- 

20 ling means (boundary assignment controlling step) eve- 
ry different time are code-multiplexed by the code-mul- 
tiplexing processing means (code- multiplexing 
processing step). In this manner, the packets having dif- 
ferent qualities of service are distributed to plural buffer 

25 groups that are partitioned into groups every quality of 
service, then the packets stored in a plurality of buffer 
groups are assigned to different times every buffer 
group to pick up the packets, and then the packets are 
code-multiplexed every different time. Therefore, the 

30 packets having the almost same quality of service can 
be assigned on the same time base, and the drawbacks 
such as reduction in quality, etc., which are caused in 
the CDMA in the related art by multiplexing simultane- 
ously the signals having different qualities of service, 

35 can be overcome, and also the guarantee of the quality 
of servtee can be achieved easily without fail. 
[0044] Also, intheconrrmunication equipment set forth 
in claim 3, the communication method set forth in claim 

1 3, the communication program set forth in claim 21 , the 
^0 recording medium set forth in claim 22, the mobile sta- 
tion set forth in claim 23, the base station set forth in 
claim 24, and the communication system set forth in 
claim 25 of the present embodiment, the packets having 
different qualities of service are distributed to K buffer 

^5 groups, which are divided into groups from the first 
group to the K-th group (K Is the integral number in ex- 
cess of 2) every quality of servbe, by the discriminating 
means (discriminating step) based on the additional in- 
formation attached to the packets to store in the buffers 

50 in response to the empty states of respective buffers in 
the buffer groups, then the k>oking-up of buffer is circu- 
lated through the K buffer groups by the boundary as- 
signment controlling means (boundary assignment con- 
trolling step) every predetermined unit time to check the 

55 presence of the stored packets, then the looking-up of 
buffer is circulated through respective buffers of the buff- 
er groups having the stored packet to take out the stored 
packet sequentially, and then the packets that are 
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picked up by the boundary assignment controliing 
means (boundary assignment controlling step) every 
unit time are tlie code-multiplexed by the code-multi- 
plexing processing means (code-multiplexing process- 
ing step). 5 
In this manner, the packets having different qualities of 
service are distributed to K buffer groups that are divided 
into groups every quality of service, then the looking-up 
of buffer is circulated through the K buffer groups every 
predetermined unit time to check the presence of the io 
stored packets, then the looking-up of buffer is circulat- 
ed through respective buffers of the buffer groups hav- 
ing the stored packet to take out the stored packet se- 
quentially, and then the packets are code-multiplexed 
every unit time. Therefore, the packets having the al- ^5 
most same quality of servtee can be assigned on the 
same time base, and the drawbacks such as reduction 
in quality, etc., whbh are caused in the CDMA in the 
related art by multiplexing simultaneously the signals 
having different qualities of service, can be overcome, 
and also the guarantee of the quality of service can be 
achieved easily. 

[0045] Also, in the communication equipment set forth 
in claim 4, the communteation method set forth in claim 

14, the communication program set forth in claim 21 , the 
recording medium set forth In daim 22, the mobile sta- 
tion set forth in claim 23, the base station set forth in 
claim 24, and the communication system set forth in 
claim 25 of the present embodiment, it Is desired that, 
when the signals or the packets are to be' assigned to 
different times or the unit time, the time width or the 
number of unit times every quality of service should be 
set in the boundary assignment controlling means 
(boundary assignment controlling step) so as to change 
with a time. Therefore, the signals or the packets having 
partteular quality of service can be assigned preferen- 
tially in response to the reistriction of the quality of sen^- 
ice and the received states (stored amount in the buff- 
ers) of the signals or the packets, and also the guarantee 
of the delay quality can be achieved easily. 
[0046] Also, in the communication equipment set forth 
in claim 5, the communication method set forth in claim 

15, the communication program set forth in claim 21 , the 
recording medium set forth in claim 22, the mobile sta- 
tion set forth in claim 23. the base station set forth in 
claim 24, and the communication system set forth in 
claim 25 of the present embodiment, it is desired that, 
in the boundary assignment controlling means (bound- 
ary assignment controlling step), the assignment of the 
signals or the packets to different times or the unit time 
should be carried out in compliance with the priority 
based on the quality of service of the signals or the pack- 
ets. In particular, if the signals or the packets having the 
severe limitation of the quality of service (delay quality), 
e.g., the severe limitation of the delay time, are assigned 
preferentially, the guarantee of the quality of service (de- 
lay quality) can be achieved easily without fail. 
[0047] Also, in the communication equipment set forth 



in claims 6, 7, 8, the communication method set forth in 
claims 1 6, 1 7, 1 8, the communication program set forth 
in claim 21 , the recording medium set forth in claim 22, 
the mobile station set forth in claim 23, the base station 
set forth in claim 24, and the communication system set 
forth in claim 25 of the present embodiment, the delay 
quality representing the delay tolerance or the fluctua- 
tion In the data transmission is used as the quality of 
service. In particular. In the communication equipment 
set forth in claim 7 and the communbation method set 
forth in daim 17, the delay quality is real time whose 
degree of delay tolerance is less than a first tolerance, 
non real time whose degree of delay tolerance is more 
than a second tolerance, or quasi real time whose de- 
gree of delay tolerance is in a range from the first toler- 
ance to the second tolerance. Also, In particular, in the 
communication equipment set forth in claim 8 and the 
communication method set forth in claim 18, the delay 
quality is real time whose delay fluctuation is less than 
a first fluctuation threshold, non real time whose delay 
fluctuation Is more than a second fluctuation threshold, 
or quasi real time whose delay fluctuation Is in a range 
from the first fluctuation threshold to the second fluctu- 
ation threshold. 

[0048] Various types of signals or packets are 
present, and their qualities of service such as the delay 
quality, etc. are different respectively. Of these, the 
sound data, etc. that need the real-time characteristic 
have the severe restriction of the delay time and also 
must be decoded finally at a regular interval. Therefore, 
the restriction of the delay fluctuation (delay jitter) is se- 
vere. Thus, if the delay quality representing the delay 
tolerance of the fluctuation is used as the quality of serv- 
ice and the packets are assigned preferentially to the 
signals having the severe restriction, an amount of hard- 
ware (buffer capacity, etc.) to absorb the delay fluctua- 
tion (delay jitter) can be suppressed as small as possi- 
ble, and also the guarantee of the quality of sers^tee (de- 
lay quality) can be achieved easily and surely. 
[0049] Also, in the communteation equipment set forth 
in claim 9, the communication method set forth in claim 
1 9, the communication program set forth in claim 21 , the 
recording medium set forth in claim 22, the mobile sta- 
tion set forth in claim 23, the base station set forth in 
claim 24, and the communication system set forth in 
claim 25 of the present embodiment, it is desired that, 
In the boundary assignment controlling means (bound- 
ary assignment controlling step), the assignment of the 
signals or the packets to different times or the unit time 
should be carried out in order of real time, quasi real 
time, and non real time. Therefore, the sound data, etc. 
having the severe restriction of the quality of service (es- 
pecially, the delay quality) can be assigned preferential- 
ly, and also the guarantee of the quality of service (delay 
quality) can be achieved easily and surely. 
[0050] In addition, in the communication equipment 
setforth in claim 1 0, thecommunication methodset forth 
in claim 20, the communication program set forth in 
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claim 21 , the recording medium set forth in claim 22, the 
mobile station set forth In claim 23, the base station set 
forth in claim 24, and the communication system set 
forth In claim 25 of the present embodiment, it is desired 
that the connection of call to other station should be con- s 
trolled by the call-connection controlling means (call- 
connection controlling step), and that, when the assign- 
ment of the signals or the packets to the different times 
or the unit time is to be executed at a regular time inter- 
vat, the boundary assignment controlling means should io 
set a predetermined time width or a predetermined 
number of unit times to the quality of service with a high- 
est priority at a first Interval of the regular time Interval 
based on numbers of connection of call, which are con- 
nected by the call-connection controlling means. For ex- is 
ample, if the highest priority is allocated to the signal or 
the packet having the severe restriction of the quality of 
service (delay quality), the signal or the packet can be 
output at the substantially regular time interval and thus 
the delay fluctuation (delay jitter) can be almost elimi- 20 
nated. 

<Bhef Description of the Drawings> 
[00511 

FIG. 1 1s a configurative view of a signal-assignment 
executing portion in a communication equipment 
(base station) according to an embodiment of the 
present invention. ^ 
FIG.2 is a configurative view of a communication 
system to which the communication equipment 
(base station) according to the present embodiment 
is applied. 

FIG.3 is an explanatory view explaining an outline 35 
of a signal assigning method (buffer assigning 
method) in the present embodiment. 
FIG.4 is a flowchart explaining mainly a lower round 
robin among real-time RT buffer group. 
FIG.5 is a flowchart explaining mainly a lower round 40 
robin among quasi real-time QRT buffer group. 
FIG. 6 is a flowchart explaining mainly a lower round 
robin among non real-time QRT buffer group. 
FIGS.7A, 7B. and 7C are time charts showing which 
transmitted outputs can be obtained in response to 
particular received inputs (packet input group) in the 
present embodiment. 

FIGS.8A, 8B, and 8C are explanatory views explain- 
ing stored states of packets in respective buffers in 
a first frame output period (time slots Til to T1 8) in so 
the present embodiment. 

FIGS.9A, 98, and 9C are explanatory views explain- 
ing stored states of packets in respective buffers in 
a second frame output period (time slots T21 to 
T28) in the present embodiment. ss 
FlGs.lOA, 108, and 10C are explanatory views ex- 
plaining stored states of packets In respective buff- 
ers in a third frame output period (time slots T31 to 



T38) in the present embodiment. 
FIGs.11 A, 11B, and 11 C are explanatory views ex- 
plaining stored states of packets In respective buff- 
ers in a fourth frame output period (time slots T41 
to T48) In the present embodiment. 
FIG. 12 is a flowchart explaining mainly a lower 
round robin among real-time RT buffer groups ac- 
cording to a variation. 

FIG. 13 is a configurative view of a signal-assign- 
ment executing portion in a communication equip- 
ment (base station) in the related art. 
FIG. 14 is an explanatory view explaining an outline 
of a communication method (assigning method of 
down signals) in the related art. 
FIGs.lSA, 15B, and 15C are time charts showing 
which transmitted outputs can be obtained in re- 
sponse to particular received inputs (packet input 
group) in the related art. 

FIGS.1 6A, 16B, and 1 6C are explanatory views ex- 
plaining stored states of packets In respective buff- 
ers in the first frame output period (time slots T11 
to T18) in the related art. 

FIGs.1 7A, 1 7B, and 1 7C are explanatory views ex- 
plaining stored states of packets in respective buff- 
ers in the second frame output period (time slots 
T21 to T28) in the related art. 
FIGs.1 8A, 1 8B, and 1 8C are explanatory views ex- 
plaining stored states of packets in respective buff- 
ers in the third frame output period (time slots T31 
to T38) in the related art. 

FIGs.1 9A, 1 9B, and 1 9C are explanatory views ex- 
plaining stored states of packets in respective buff- 
ers In the fourth frame output period (time slots T41 
to T48) in the related art. 

[0052] In Figures, a reference 101 Is a packet discrini- 
inating portion (discriminating means), 1C^{BFRT1 to 
BFRTn) are real-time RT buffer group, 103(BFQRT1 to 
BFQRTm) are quasi real-time QRT buffer group, 104 
(BFNRT1 to BFNRTp) are non real-time NRT buffer 
group, 105 is a boundary assignment control portion 
(boundary assignment controlling means), 905 is an as- 
signment control portion, 1 06 is an RT pointer, 1 07 is a 
QRT pointer, 108 is an NRT pointer, 109 is a first trans- 
mission buffer, 110 is a second transmission buffer, 111 
is a CDMA-multiplexing processing portion , 1 1 2 is a first 
code. 113 is a second code, 114 is an adder, SW1 to 
SW7 are switches, ir is a received input, ot is a trans- 
mitted output, CNT1 to CNT7 are control signals, NOR, 
NOQ, NON are status Information, ENR, ENQ, ENN are 
enable signals, BS1, BS2 are base stations, MSI to 
MS3 are mobile stations, MS31 to MS33 are child sta- 
tions of the mobile station MS3, 201 , 206 are antennas, 
202 is a receiving portion. 203 is a processing portion, 
204 is a controlling portion, and 205 is a transmitting 
portion. 
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<Best Modes for Carrying Out the lnvention> 

[0053] Embodiments of a communication equipment, 
a communication method, a communication program, a 
recording medium, a mobile station, a base station, and 
a communication system according to the present In- 
vention will be explained in detail with reference to the 
drawings hereinafter. Here, the communication equip- 
ment and the communication method according to the 
present invention will be described in detail in explana> 
tion of respective embodiments, in this case, since the 
communication program according to the present inven- 
tion is a program used to execute the communication 
method and also the recording medium according to the 
present invention is a recording medium for recording 
the program to execute the communication method, it 
should be interpreted that their explanations are con- 
tained in the f ollowi ng explanation of the communication 
method. 

[0054] FIG.1 is a configurative view of a communica- 
tion equipment according to an embodiment of the 
present invention. In FIG.1, same symbols are affixed 
to portions that are overlapped with those in FIG. 1 3 (the 
related art). 

[0055] The communication equipment according to 
the present embodiment is applied to a base station BS1 
in a configuration of a communication system shown in 
FIG.2. That is, in FIG.2, the communication system 
comprises at least base stations BS1 , BS2, mobile sta- 
tions MSI to MS3, and child stations MS31 to MS33 of 
the mobile station MS3. In such communication system, 
the base station BS1 executes the radio relay between 
the mobile stations MS1 to MS3 and other base station 
BS2, etc. 

[0056] Here, as the service provided by the commu- 
nication system in which the communication equipment 
(base station BS1) according to the present embodi- 
ment is contained, there are voice call, Internet access, 
transmission/reception of the electronic mail, etc. As the 
delay qualities (qualities of service), the data communi- 
cation such as the voice call, etc., the delay tolerance 
of which is small, corresponds to the real-time RT com- 
munication, the data communication such as Internet re- 
sponse, etc., which a relatively high responsibility is re- 
quired of. corresponds to the quasi real-time QRT com- 
munication, and the data communication such as the 
electronic mail, etc., the delay tolerance of which is rel- 
atively large, corresponds to the non real-time NRT 
communication. 

[0057] Also, a schematic configuration of the base 
station BS1 is also shown in FIG.2. The base station 
BS1 comprises antennas 201, 206, a receiving portion 
202. a processing portion 203. a controlling portion 204, 
and a transmitting portion 205. A portion for executing 
the signal assignment of up signals and down signals, 
as the feature of the present embodiment, is implement- 
ed by the processing portion 203 and the controlling por- 
tion (CPU) 204. 



[0058] Again, returning to FIG.1, as the constituent 
portion for executing the signal assignment of up signals 
and down signals, the communication equipment (base 
station BS1) according to the present embodiment com- 

5 prises a packet discriminating portion 1 01 , an RT buffer 
group 102 (BFRT1 to BFRTn), a QRT buffer group 103 
(BFQRT1 to BFQRTm), an NRT buffer group 104 
(BFNRT1 to BFNRTp), a boundary assignment control 
portion 105, an RT pointer 106, a QRT pointer 107, an 

10 NRT pointer 1 08, a first transmission buffer 1 09, a sec- 
ond transmission buffer 110, a CDMA-multiplexing 
processing portion 111 , and switches SW1 to SW5. 
[0059] Here, the buffers of the present embodiment 
are partitioned into three buffer groups, i.e., real-time 

15 RT buffer group 1 02, quasi real-time QRT buffer group 
1 03, and non real-time NRT buffer group 1 04, every de- 
lay quality (quality of service). In this case, explanation 
will be given under the assumption that n, m, p in the 
reference symbols of the buffer groups are set to n=6, 

20 m=4, p=4 and the real-time RT buffer group 102 has 
BFRT1 to BFRT6, the quasi real-time QRT buffer group 
103 has BFQFm to BFQRT4, and the non real-time 
NRT buffer group 104 has BFNRT1 to BFNRT4. 
[0060] Also, the packet discriminating portion 1 01 dis- 

25 criminates delay qualities (real-time RT, quasi real-time 
QRT, and non real-time NRT) based on additional infor- 
mation (header) attached to the packets of the received 
input ir, then distributes the packets to the real-time RT 
buffer group 1 02, the quasi real-time QRT buffer group 

30 103, and the non real-time NRT buffer group 104 in re- 
sponse to the discrimination result respectively, and 
then stores the packets In respective buffers (BFRT1 to 
BFRT6. BFQRT1 to BFQRT4, and BFNRT1 to BFNRT4) 
In respective buffer groups according to their empty 

35 states and the types of the packets. More partk^ularly, 
the route for the predetennlned buffer Is established by 
switching the switch SW1 according to the control signal 
CNT1. 

[0061] As the construction methods of the switches 

40 SW1 to SW5, for example, there are the method of in- 
serting an inhibit gate (2-input AND gate) into each sig- 
nal route and supplying the control signal to the other 
input terminal of the inhibit gate, the method of making 
the signal route effective by setting the control signal to 

45 an enable ("H" level), the method of inserting a transfer 
gate transistor into each signal route and then tuming 
the transistor into its ON state by the control signal to 
make the signal route effective, etc. 
[0062] Then, the boundary assignment control portion 

50 1 05 is constructed In the control portion (CPU) 204, and 
checks the presence of the stored packets in respective 
buffers based on status infomnation NOR1 to NOR6 
from the real-time RT buffer group 102 (BFRT1 to 
BFRT6), status information NOQ1 to NOQ4 from the 

55 quasi real-time QRT buffer group 103 (BFQRT1 to 
BFQRT4), and status infonnatlon NON1 to NON4 from 
the non real-time NRT buffer group 104 (BFNRT1 to 
BFNRT4). Also, the boundary assignment control por- 
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tion 105 makes effective one of an enable signal ENR 
for the RT pointer 106, an enable signal ENQ for the 
QRT pointer 1 07, and an enable signal ENN for the NRT 
pointer 108, and also establishes the route for the first 
transmission buffer 109 by switching the switch SW5 ^ 
based on the control signal CNT5. In this case, the 
switches SW2, SW3, SW4 are constructed such that 
they are switched by the control signal CNT2 from the 
RT pointer 106, the control signal CNT3 from the QRT 
pointer 1 07, and the control signal CNT4 from the NRT io 
pointer 108 respectively. 

[0063] The procedures of assigning the buffers and 
taking out the stored packets sequentially by switching 
the switches SW2, SW3, SW4 and the switch SW5 cor- 
respond to the signal assignment of up signals or down 
signals. FIG.3 is an explanatory view explaining an out- 
line of a signal assigning method, i.e., a buffer assigning 
method of the present embodiment. 
[0064] As shown in FIG.3, in this outline of the buffer 
assigning method of the present embodiment, a hierar- 20 
chlcal round robin approach is applied. First, a higher 
round robin Is executed among the real-time RT buffer 
group 102, the quasi real-time QRT buffer group 103, 
and the non real-time NRT buffer group 1 04 In compli- 
ance with their priorities to assign the buffer groups. 
Then, a lower round robin is executed among assigned 
buffer groups (real-time RT buffer group BFRT1 to 
BFRT6, quasi real-time QRT buffer group BFQRT1 to 
BFQRT4, or non real-time NRT buffer group BFNRT1 to 
BFNRT4) to assign the buffers. 

[0065] The execution of the higher round robin among 
the real-time RT buffer group 102, the quasi real-time 
QRT buffer group 1 03, and the non real-time NRT buffer 
group 1 04 IS the switching of the switch SW5 based on 
the control signal CNT6. Also, the lower round robin 
among the real-time RT buffer group BFRT1 to BFRT6 
is executed by switching the switch SW2 based on the 
control signal ChiT2, the lower round robin among the 
quasi real-time QRT buffer group BFQRT1 to BFQRT4 
Is executed by switching the switch SW3 based on the 
control signal CfsTTS, and the lower round robin among 
the non real-time NRT buffer group BFNRT1 to BFNRT4 
is executed by switching the switch SW4 based on the 
control signal CNT4. 

[0066] Also, the first transmission buffer 1 09 and the 
second transmission buffer 110 are two transmission 
buffers that are prepared since the number of multiplex- 
ing codes in CDMA is set to 2. Respective outputs are 
diffused as a first code 112 and a second code 113 in 
the CDMArmultiplexing processing portion 111, and 
then multiplexed by an adder 1 14 to get the transmitted 
output ot. IHere, these configurations con^espond to a 
code-multiplexing processing means set forth in claims. 
[0067] Next, the signal assigning method of up signals 
or down signals, i.e., the buffer assigning method, as 
the communication method in the communication equip- 
ment of the present embodiment will be explained in de- 
tail with reference to FiG.4, FIG.5 and FtG.6 hereunder. 



FIG.4, FIG.5 and FIG.6 are flowcharts explaining mainly 
the lower round robin approaches among the real-time 
RT buffer group BFRT1 to BFRT6, the quasi real-time 
QRT buffer group BFQRT1 to BFQRT4, and the non re- 
al-time QRT buffer group BFNRT1 to BFNRT4 respec- 
tively. In the following explanation, explanation will be 
made under the assumption that the transmitted output 
ot has the number of multiplexed codes=2 and 8 slots/ 
one frame. 

in this case, the higher round robin among the real-time 
RT buffer group 102, the quasi real-time QRT buffer 
group 103, and the non real-time NRT buffer group 104 
is implemented by the branch to Pqrt (step S501 ) in FIG. 
5 executed when a TS counter=Srt+1 is satisfied in step 
S403 in FIG.4, the branch to Pnrt (step S601) in FIG.6 
executed when no stored packet is present in the QRT 
buffer group 103 in step S511 in FIG.5, and the branch 
to Prt (step S403) in FiG.4 executed when no stored 
packet is present in the. NRT buffer group 104 In step 
S611 in FIG.6. 

[0068] Here, in steps S611a, S611b. S611c in FIG.6, 
when no stored packet is present in the NRT buffer 
group 1 04, the branch to Prt (step S403) is stopped until 
the time slots per one frame are ended (until the TS 
counter=8 is obtained). This procedure is executed such 
that the time slot of the first Srt in each frame can always 
be set to the RT packet. Accordingly, the RT packet can 
be sent out at a constant time interval. 
First, in FIG.4, various parameters are Initialized in steps 
S401 , S402. Where the TS counter denotes the time slot 
in oneframe and has integral numbers from 0 (initial val- 
ue) to 8. Also, the EL counter denotes any of the first 
code 112 and the second code 113 in the code multi- 
plexing and has integral numbers from 0 (initial value) 
to 2. Also, n, m, p denote the buffer number (numerical 
value of the last one digit of the reference symbol) of the 
real-time RT buffer group BFRT1 to BFRT6, the quasi 
real-time QRT buffer group BFQRT1 to BFQRT4. and 
the non real-time QRT buffer group BFNRT1 to BFNRT4 
respectively. 

[0069] Then, in step S403, it is checked whether or 
not TS counter=Srt+1 . Where Srt is the number of time 
slots allocated to the RT packets in the current frame. 
This Srt is decided based on the connected nuniber of 
calls that are connected currently by a call-connection 
control portion that controls the connection of calls to 
other stations, and is the minimum integral number that 
exceeds the numerical value obtained by dividing the 
connected number of calls by the number of multiplexed 
codes. Since the number of multiplexed codes=2, Srt=2 
when the connected number of calls is 3 or 4, andSrt=3 
when the connected number of calls is 5 or 6, for exam- 
ple. In this case, the call-connection control portion is 
installed in the control portion (CPU) 204 in FIG .2. 
[0070] In this manner, since it is checked in step S403 
that the TS counter indicating the time slot position Is 
less than the number of time slots assigned to the RT 
packet, the first Srt time slots In the frame can be pref- 



30 



35 



40 



45 



50 



10 



19 



EP 1 296 475 A1 



20 



erentially assigned to the RT packet. 
In step S403, if TS counter=Srt+1 is not satisfied (the 
tinne slot is for the RT packet), the process goes to step 
S404 and enter into the lower round robin among the 
real-time RT buffer group BFRT1 to BFRT6. If TS coun- 
ter=:Srt+1 Is satisfied (the time slot is not for the RT pack- 
et), the process goes to Pqrt (step S501) in FIG.5. 
[0071] Then, in step S404, it is checked whether or 
not the stored packet is present in the n-th RT buffer 
BFRTn (n=1 to 6). If the stored packet is present, the 
process goes to step S405 where the stored packet Is 
output and the EL counter is Incremented. In this case, 
the switch SW5 is changed to be connected to the switch 
SW2 at a point of time when the process goes to step 
S404, and the switch S\N2 Is changed to be connected 
to the connection to the n-th RT buffer BFRTn by the 
control signal CIMT2 from the RT pointer 1 06 at a point 
of time when the process goes to step S405, whereby 
the stored packet is output to the first transmission buffer 
109. Accordingly, the RT pointer 1 06 corresponds to the 
parameter n in this flowchart. 

[0072] Then, in step S406, it is checked whether or 
not the EL counter=2 is satisfied. If the EL counter=2 is 
satisfied, the process goes to step S407 where the TS 
counter is incremented to set the time slot to the subse- 
quent time slot and the EL counter is reset to the initial 
value (0). Also, if the EL counter=2 is not satisfied, or 
after the process in step S407 is completed, or if no 
stored packet is present in the n-th RT buffer BFRTn 
(n=1 to 6) in step S404, the process goes to step S408 
where the parameter n is incremented. Then, the proc- 
ess goes back to step S403. 

[0073] Next, in FIG.5. steps S501 to S505 are pre- 
process executed before the process enters Into the 
lower round robin among the quasi real-time QRT buffer 
group BFQRT1 to BFQRT4. According to the signal as- 
signment method of the present embodiment, since the 
packet is set to any of the RT packet, the QRT packet, 
and the NRT packet every time slot, there is the case 
where only one element of the packet is assigned to one 
time slot according to the situation of the stored packet. 
[0074] In this case (when the EL counter=1 in step 
S501 ). the process should Inter Into the lower round rob- 
in among the quasi real-time QRT buffer group BFQRTI 
to BFQRT4 (step S512) after the TS counter is incre- 
mented to set the time slot to the subsequent time slot 
in step S602. then it is checked in step S503 that the 
incremented TS counter Is not "8", and then the EL 
counter Is reset to the Initial value (0) in step S505. In 
this case, if the TS counter=B in step S503, this means 
that the assignment of the current frame is ended. 
Therefore, the TS counter is reset to the initial value (0) 
in step SS04. and then the process goes to Prt (step 
S403) in FIG.4 to repeat the hierarchical round robin. 
Then, in step S511, it is checked whether or not the 
stored packet is present in the QRT buffer group 103. If 
the stored packet is present, the process goes to step 
S512 where theprocess inters into the lower round robin 



among the quasi real-time QRT buffer group BFQRTI 
to BFQRT4. If the stored packet is not present, the proc- 
ess goes to Pnrt (step S601) In FIG.6. 
Then, in step S512, it is checked whether or not the 

5 stored packet is present In the m-th QRT buffer 
BFQRTm (m=1 to 4). If the stored packet is present, the 
process goes to step S51 3 where a size of the stored 
packet (the number of elements whteh the QRT packet 
has) is set in the parameter RQ. Then, in step S51 4, one 

10 element of the stored packet is output on the basis of 
FIFO (First-ln Rrst-Out), the EL counter Is incremented, 
and the RQ counter is decremented. 
[0075] In this case, the switch SW5 Is changed to be 
connected to the switch SW3 at a point of time when the 

15 process goes to step S512. and the switch SW3 is 
changed to be connected to the m-th QRT buffer 
BFQRTm based on the control signal CNT3 from the 
QRT pointer 107 at a point of time when the process 
goes to step S513, whereby one element of the stored 

20 packet is output to the first transmission buffer 1 09. Ac- 
cordingly, the QRT pointer 107 corresponds to the pa- 
rameter m in this flowchart. 

[0076] Then, in step S516, it is checked whether or 
not the EL counter=2 is satisfied. If the EL counter=:2 is 

25 satisfied, the process goes to step S521 where the TS 
counter Is incremented to set the time slot to the subse- 
quent time slot and the EL counter is reset to the initial 
value (0). Then, if it is checked in step S522 that the 
Incremented TS counter is not "8" or If the EL counter=2 

30 is not satisfied in step S516. the process goes to step 
851 7. In this case, it Is indicated that, if the TS counter=8 
is satisfied in step S522, the assignment of the current 
frame is completed. Therefore, in step S523, the TS 
counter Is reset to the initial value (0), and then the proc- 

35 ess goes to Prt (step S403) In FIG.4 to repeat the hier- 
archical round robin. 

[0077] Also, if the incremented TS counter is not "8" 
in step S522, it is decided in step S522a whether or not 
theTS counter exceeds Srt+Sqrt. If the TS counter is in 

40 excess of Srt+Sqrt, the process goes to Pnrt (step S601 ) 
In FIG.6. As a consequence, while executing the QRT 
packet rather than the NRT packet, a degree of priority 
can be restricted by limiting the time slots, which are 
allocated to the transmission of the QRT packet, to Sqrt . 

45 [0078] Then, in step S517, it is checked whether or 
not the parameter RQ=0 is satisfied. If RQ=0 is satisfied, 
all elements of the QRT packet that are to be assigned 
to the m-th QRT buffer BFQRTm are output. Therefore, 
the process goes to step S51 8 where the parameter m 

50 is incremented. In step S519, it is checked that m=5 is 
not satisfied, and then the process retums to step S511 
where the lower round robin among the quasi real-time 
QRT buffer group BFQRTI to BFQRT4 is advanced, in 
this case. If m=5 is satisfied in step S51 9, the value must 

55 be returned to m=1 in step S520. Also, if the parameter 
RQ=0 is not satisfied in step S51 7, elements that have 
not been output yet still remain in the QRT packet that 
Is to be assigned to the m-th QRT buffer BFQRTm, 
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Therefore, the process goes back to step S514 and then 
remaining elements are output. 
[0079] In the buffer assigning method of the present 
embodiment, since the first Srt time slots in the frame 
are assigned preferentially to the RT packet, sometimes ^ 
the process goes to Prt (step S403) in FIG.4 and Is shift- 
ed to the next frame while the elements that have not 
been output yet still remain in the QRT packet that Is to 
be assigned to the m-th QRT buffer BFQRTm. In this 
case, the information indicating from which element of 
the stored packet of the QRT buffer the process must 
be started when the process is moved to the lower round 
robin among the quasi real-time QRT buffer group 
BFQRT1 to BFQRT4 of the next frame can be held by 
the parameters m, RQ. 

[0080] Next, in FIG.6. steps S601 to S605 are the pre- 
process executed before the process enters into the 
lower round robin among the non real-time NRT buffer 
group BFNRT1 to BFNRT4. In the processes in FIG.5. 
if only one element of the packet is assigned to one time 
slot (If the EL counter=1 In step S601), theTS counter 
is incremented to set the time slot to the subsequent 
time slot in step S602, then it is checked that the incre- 
mented TS counter is not "8" in step S603, the EL coun- 
ter is reset to the initial value (0) In step S605, and then 
the process enters into the lower round robin among the 
non real-time NRT buffer group BFNRT1 to BFNRT4 
(step S612), In this case, when the TS counter=8 is sat- 
isfied In step S603, which means that the assignment of 
the current frame is ended. Therefore, the TS counter 
Is reset to the initial value (0) in step S604, and then the 
process goes to Pit (step S403) in FIG.4 to repeat the 
hierarchical round robin. 

[0081] Then, in step S611, It is checked whether or 
not the stored packet Is present in the NRT buffer group 
104. If the stored packet is present, the process goes to 
step S61 2 where the process enters into the lower round 
robin among the non real-time NRT buffer group 
BFNRT1 to BFNRT4 and then the process goes to Prt 
(step S403) in FIG.4. 

[0082] Then, in step S612, it is checked whether or 
not the stored packet is present In the p-th NRT buffer 
group BFN RTp (p=1 to 4). If the stored packet is present, 
the process goes to step S61 3 where a size of the stored 
packet (the number of elements which the NRT packet 
has) is set in the parameter RN. Then , in step S61 4, one 
element of the stored packet is output on the basis of 
FIFO (First-ln First-Out), then the EL counter is incre- 
mented, and then the parameter RN Is decremented. 
[0083] in this case, the switch SW5 is changed to be 
connected to the switch SW4 at a point of time when the 
process goes to step S612, and the switch SW4 is 
changed to be connected to the p-th NRT buffer BFN- 
ITp based on the control signal CNT4 from the NRT 
pointer 1 08 at a point of time when the process goes to 
step S61 3, whereby one element of the stored packet 
is output to the first transmission buffer 1 09. According- 
ly, the NRT pointer 1 08 conresponds to the parameter p 



in this flowchart. 

[0084] Then, in step S616, It Is checked whether or 
not the EL counter=2 is satisfied. If the EL counter=:2 is 
satisfied, the process goes to step S621 where the TS 
counter is Incremented to set the time slot to the subse- 
quent time slot and the EL counter is reset to the initial 
value (0). Then, If it is checked in step S622 that the 
incremented TS counter is not "8" or if the EL counter=2 
is not satisfied in step S616, the process goes to step 
S61 7. In this case, it is indicated that, if the TS counter=8 
Is satisfied in step S622, the assignment of the current 
frame is completed. Therefore, In step S623, the TS 
counter is reset to the Initial value (0), and then the proc- 
ess goes to Prt (step S403) in FIG.4 to repeat the hier- 
archbal round robin. 

[0085] Then, in step S617, It Is checked whether or 
not the parameter RN=0 is satisfied. If RN=0 is satisfied, 
all elements of the NRT packet that are to be assigned 
to the p-th NRT buffer BFNRTp are output. Therefore, 
the process goes to step S618 where the parameter p 
is incremented. In step S619, It is checked that p=5 Is 
not satisfied, and then the process retums to step S61 1 
where the lower round robin among the non real-time 
NRT buffer group BFNRT1 to BFNRT4 is proceeded In 
this case, if p==5 is satisfied In step S61 9, the value must 
be retumed to p=1 in step S620. 
[0086] Also, if the parameter RN=0 is not satisfied In 
step S617, elements that have not been output yet still 
remain in the NRT packet that is to be assigned to the 
p-th NRT buffer BFQRTp. Therefore, the process goes 
back to step S61 4 and then remaining elements are out- 
put. In some cases, the process goes to Prt (step S403) 
in FIG.4 and Is moved to the next frame while the ele- 
ments that have not been output yet still remain in the 
NRT packet that Is to be assigned to the p-th NRT buffer 
BFQRTp. In this case, the infomiatlon indicating from 
which element of the stored packet of the QRT buiffer 
the process must be started when the process is moved 
to the lower round robin among the non real-time NRT 
buffer group BFNRT1 to BFNRT4 of the next frame can 
be held by the parameters p, RN. 
[0087] Next, the communk:ation method in the com- 
munication equipment according to the present embod- 
iment will be explained further with reference to FtG.7A 
to FIG.11C hereunder. Here, explanation cor>ceming 
which transmitted output can be obtained in response 
to partbular received inputs (packet input group) will be 
made with reference to the transition of the stored states 
of the packets in respective buffers BFRT1 to BFRT6, 
BFQRT1 to BFQRT4, and BFNRT1 to BFNRT4. In this 
case, as shown in FIG.7B, a time base will be explained 
by using respective time slots of the output frame, i.e., 
time slots T01 to T08 in the pre-output period, time slots 
T1 1 to T1 8 in the first frame output period, time slots T21 
to T28 in the second frame output period, time slots T31 
to T38 in the third frame output period, and time slots 
T41 to T48 in the fourth freune output period. 
[0088] FIG.7A shows packet groups of the received 
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inputs ir in respective time slots, which are similar to 
those used in explanation in the related art. FIG.7C 
shows contents of the first transmission buffer 1 09 and 
the second transmission buffer 110 in respective time 
slots from the first frame to the fourth frame, l.e., con- 
tents of the first code 112 and the second code 113, 
which are to be multiplexed. In this case, in FIG.7C, Srt1 
to Srt4, Sqrtl, Sqrt2, Snrti to Snrt4 are the numbers of 
time slots (time intervals) assigned to the RT packet, the 
QRT packet, and the NRT packet in the first frame to 
the fourth frame respectively. 

[0089] FIGS.8A, 8B, and 8C show the transition of the 
stored packets in respective buffers in the first frame 
output period (time slots T11 to T18), wherein the time 
slots T08 in the pre-output period is added only to the 
RT buffers BFRT1 to BFRT4. In the hierarchical round 
robin approach according to the present embodiment, 
the looking-up of buffer groups by the higher round robin 
is started from the RT buffer group 102, and the looking- 
up of buffers by the lower round robin in the RT buffer 
group 102 is started from the first RT buffer BFRT1 . In 
the time slot TOB, the RT packet AR11 and the RT packet 
AR21 are output sequentially from the first RT buffer 
BFRT1 and the second RT buffer BFRT2. and then 
these packets are multiplexed in the time slot T11 and 
are transmitted/ output. 

[0090] If attention will be paid only to the buffer out- 
puts similarly in the following, the RT packet AR31 and 
the RT packet AR41 are output sequentially from the RT 
buffer BFRT3 and the RT buffer BFRT4 In the time slot 
T1 1 . Then, the process moves to the QRT buffer group 
103 by the higher round robin in the time slotT12, then 
the looking-up of the buffer reaches the second QRT 
buffer BFQRT2 based on the lower round robin in the 
QRT buffer group 103, and then QRT packets AQ11, 
AQ1 2 are output sequentially from this buffer. Then, the 
QRT packet AQ21 Is output from the third QRT buffer 
BFQRT3 in the time slot T13, In this case, since the 
stored buffer is not present in the QRT buffer group 1 03 
at this point of time, the process moves to the NRT buffer 
BFNRT1 based on the higher round robin. 
[0091] Then, the lower round robin in the NRT buffer 
group 104 Is started. Then, the NRT packets AN21, 
AN22 are output sequentially from the first NRT buffer 
BFNRT1 in the time slot T14. Then, the NRT packet 
AN11 andthe NRT packet AN31 are output sequentially 
from the second NRT buffer BFNRT2 and the third NRT 
buffer BFNRT3 in the time slot T15 respectively. Also, 
the NRT packets AN32, AN33 are output sequentially 
from the third NRT buffer BFNRT3 in the time slot T16. 
In addition, after the NRT packets AN34 is output from 
the third NRT buffer BFNRT3 in the time slot T1 7, the 
looking-up of the buffer arrives at the first NRT buffer 
BFNRT1 based on the lower round robin in the NRT buff- 
er group 104, and then the NRT packet AN41 is output 
sequentially from this buffer. 

[0092] Further, the looking-up of buffer is returned to 
the RT buffer group 102 based on the higher round robin 



in the time slot T18, and the RT packet BR11 and the 
RT packet BR21 are output sequentially from the first 
RT buffer BFRT1 and the second RT buffer BFRT2 re- 
spectively. 

5 [0093] Then, similarly In FIGS.9A, SB and 9C (for the 
sake of simplicity, their names are omitted), BR31 , BR41 
are output sequentially from BFRT1 , BFRT2 in T21 re- 
spectively, then BQ11, BQ12 are output sequentially 
from BFQRT1 inT22 respectively, then BQ21 , BQ41 are 

10 output sequentially from BFQRT2, BFQRT4 in T23 re- 
spectively, then BQ42, BQ43 are output sequentially 
from BFQRT4 in T24 respectively, then BQ44, BQ31 are 
output sequentially from BFQRT4, BFQRT1 in T26 re- 
spectively, then AN42, BN21 are output sequentially 

15 from BFNRT1 , BFNRT2 in T26 respectively, then CN1 1 , 
CN12 are output sequentially from BFNRT3 in T27 re- 
spectively, and then CR11 , CR21 are output sequential- 
ly from BFRT1 , BFRT2 in T28 respectively. 
[0094] Also, similarly in FIGs.lOA, 10B, and IOC. 

20 CR31, CR41 are output sequentially from BFRT3. 
BFRT4 in T31 respectively, then CN 1 3, C R1 4 are output 
sequentially from BFRT3 in T32 respectively, then 
CN21 : CN22 are output sequentially from BFRT4 in T33 
respectively, then CfM23, CN24 are output sequentially 

25 from BFNRT4 In T34 respectively, then BN1 1 . BN1 2 are 
output sequentially from BFNRT1 in T35 respectively, 
then DN11 , DN31 are output sequentially from BFNRT2, 
BFNRT3 in T36 respectively, then DN32, DN33 are out- 
put sequentially from BFNRT3 in T37 respectively, and 

30 then DN21 , DR41 are output sequentially from BFRT1 
In T38 respectively. 

[0095] In addition, similarly in FIGs.11 A, 11B, and 
11C, DR51 , DR61 are output sequentially from BFRT3, 
BFRT4inT41 respectively, then DR11, DR31 are output 

35 sequentially from BFRT5, BFRT6 in T42 respectively, 
then DN34, DN35 are output sequentially from BFNRT3 
in T43 respectively, then DN36, DN71 are output se- 
quentially from BFNRT3, BFNRT4 in T44 respectively, 
then DN72, DN73 are output sequentially from BFNRT4 

40 in T45 respectively, then DN74, DN75 are output se- 
quentially from BFNFrr4 lnT46 respectively, then DN76, 
DN21 are output sequentially from BFNRT4, BFNRT1 
in T47 respectively, and then ER21 ER41 are output 
sequentially from BFRT1, BFRT2 In T48 respectively. 

45 [0096] In the communication method in the communi- 
cation equipment (buffer assigning method) according 
to the present embodiment, as shown in FIG.4, the lower 
round robin is executed In the number of time slots Srt 
that is assigned to the RT packets decided based on the 

50 connection number of calls from the call-connection 
control portion. In this case, like the lower round robin 
in the QRT buffer group 103, the looking-up of buffer 
may be circulated until the stored packets in the RT buff- 
er group 102 are not present. 

55 [0097] FIG.12 isaflowchartexplainingmainlythe low- 
er round robin among the real-time RT buffer groups 
BFRT1 to BFRT6 according to the present variation. 
First, in step S 1201 . initialization of various parameters 
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is carried out, like steps S401 , S402 in FIG.4. 
[0098] Then, in step S1202, ft is clieciced whether or 
not the stored pacl<et is present in the RT buffer group 
1 02. It the stored paclcet is present, the process goes to 
step S1203 where the looi<ing-up of buffer enters into 
the real-time RT buffer groups BFRT1 to BFRT6. If the 
stored packet Is not present, the process goes to Pqrt 
(step S501) in FIG.5. 

[0099] Then , in step S1 203, it is checked whether or 
not the stored packet is present in the n-th RT buffer 
BFRTn (n=1 to 6). If the stored packet is present, the 
process goes to step S1204 where the stored packet is 
output and the EL counter is incremented. 
[0100] Then, in step S1205, it is checked whether or 
not the EL counter=2 is satisfied. If the EL counter==2 is 
satisfied, the process goes to step S1206 where the TS 
counter is incremented to set the time slot to the subse- 
quent time slot and the EL counter Is reset to the initial 
value (0). Then, If it is checked in step SI 207 that the 
incremented TS counter=8 is not satisfied, or if the EL 
counter==2 is not satisfied In step SI 205, or if the stored 
packet is not present in the n-th RT buffer BFRTn in step 
S1203, the process goes to step S1209. In this case, it 
is indk^ated that, if the TS counter=8 is satisfied in step 
SI 207, the asslgment of the current frame is completed. 
Therefore, the TS counter is reset to the initial value (0) 
in step S1 208, and then the process goes to step S1 209. 
[0101] Then, the parameter n is incremented in step 
S1209, then it is checked in step S1 21 0 whether or not 
n=7 is not satisfied, then the process goes to step SI 202 
where the lower round robin among the real-time RT 
buffer group BFRT1 to BFRT6 is advanced. In this case. 
If n=7 Is satisfied In step SI 21 0, the value of n must be 
reset to 1 In step 31211 . 

[0102] Also, in the above embodiment, the mode In 
which the communication equipment according to the 
present embodiment is applied to the base station BS1 
in the communication system in FIG .2 is explained. But 
the present invention is not limited to this mode. For ex- 
ample, the communication method according to the 
present embodiment can be applied to the signal as- 
signment of up signals and down signals among child 
stations MS31 to MS33 and the base station BS1 by ap- 
plying the configuration of the communication equip- 
ment according to the present embodiment to the mobile 
station MS3. 

[0103] As described above, according to the commu- 
nication equipment (base station BS1 ) and the commu- 
nication method of the present emtx>diment, the packets 
having different qualities of service are distributed to 
three buffer groups such as the real-time RT buffer 
group, the quasi real-tinne QRT buffer group, and the 
non real-time NRT buffer group every quality of service 
by the packet discriminating portion 101 (discriminating 
step) based on the additional infonnation attached to the 
packets, then the packets are stored in the buffers in 
response to the empty states of respective buffers in the 
buffer groups, then the looklng-up of buffer is circulated 



by the boundary assignment control portion 1 05 (bound- 
ary assignment controlling step) through three buffer 
groups every time slot to check the presence of the 
stored packet, then the looking-up of buffer is circulated 

s through respective buffers of the buffer groups having 
the stored packet to take out the stored packet sequen- 
tially, and then the transmitted output otcan be obtained 
by multiplexing the codes of the packets, which are 
picked up by the boundary assignment control portion 

10 1 05 (boundary assignment controlling step), every time 
slot by virtue of the CDMA-multiplexing processing por- 
tion 111 (CDMA-muttiplexing processing step). There- 
fore, the packets having the almost same quality of serv- 
ice can be assigned on the same time base. As a result, 

15 disadvantages such as reduction in quality generated 
by multiplexing the signals having different qualities of 
service simultaneously, etc., which are caused in the 
CDMA in the related art, can be overcome, and also the 
guarantee of the quality of servtee can be achieved eas- 

20 jjy without fail. 

[0104] Also, in the boundary assignment control por- 
tion 1 05 (boundary assignment controlling step), the as- 
signment of the packet to the time slot is carried out in 
order of the real-time RT, the quasi real-time QRT, and 

25 the non real-time N RT, and also the number of time slots 
is set every quality of servtoe so as to change with a 
time. Therefore, the sound data, etc. having several re- 
striction on the delay quality can be assigned preferen- 
tially, and also the guarantee of the delay quality can be 

30 achieved easily without fail. 

[0105] In addition, the connection of call to other sta- 
tion is controlled by the call-connection control portion 
(call-' connection controlling step), and then the number 
of time slots for the real-time RT buffer is set by the 

35 boundary assignment control portion 1 05 (boundary as- 
signment controlling step) based on the numbers of con- 
nected calls, which are connected by the call-connec- 
tion control portion (call-connection controlling step) to 
be assigned to the particular time (head) in the frame. 

40 Therefore, the delay jitter can be reduced. According to 
this, the larger delay jitter is generated in the latter-half 
frame in the example in the related art (FIGs.15A, 15B, 
and 15C), while no delay jitter is generated in the 
present embodiment (FIGs.7A, 7B, and 7C). As a result, 

45 an amount of hardware (buffer capacity) to absorb the 
delay jitter can be suppressed as small as possible, and 
the delay of sound is small because of the small maxi- 
mum delay. 

[01 08] In this case, because the assignment of the re- 
50 al-time RT packet is executed preferentially, the assign- 
ments of the quasi real-time QRT and the non real-time 
NRT are subjected to the inconvenience. However, 
since the quasi real-time QRT is also preferentially as- 
signed In the period other than the times (time slots) that 
55 are occupied by the real-time RT, such assignments are 
affected merely by the small delay. Therefore, the non 
real-time N RT is still subjected to the inconvenience, but 
the electronic mail, etc. do not need essentially so se- 
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vere requirements for the delay quality and also delays 
are accumulated on the receiver side. As a result, even 
if the delay jitter is increased, increase in the receiving 
buffers is not requested and also the users are not anx- 
ious about the delay time, and thus no substantial prob- ^ 
lem is caused. 

[0107] The present invention is explained in detail 
with reference to the particular embodiments. It is ap- 
parent for those sl<illed in the art that various variations 
and modifications may be applied without departing the io 
scope and range of the present invention. 
[0108] This applteation is filed based on Japanese 
Patent Application No. 200 1-079207 filed on March 19, 
2001 , and contents thereof are incorporated herein by 
the reference. *5 

<lndustrial Applicability> 

[0109] As explained above, according to the commu- 
nication equipment, the communication method, the 20 
communication program^ the recording medium, the 
mobile station, the base station, and the communication 
system of the present invention, the signals having dif- 
ferent qualities of service are distributed by the discrim- 
inating means (discriminating step) every quality of 25 
service, then the signals distributed every quality of 
service are assigned to different times by the boundary 
assignment control means (boundary assignment con- 
trolling step), and then the signals are code-multiplexed 
by the code-multiplexing processing means (code-mul- 30 
tiplexing processing step) every time that is assigned by 
the boundary assignment controlling means (boundary 
assignment controlling step). Therefore, the packets 
having the almost same quality of service can be as- 
signed on the same time base, and also the guarantee 35 
of the quality of service can be achieved easily without 
fail. 

[0110] According to the present embodiment, the 
pacl<ets having different qualities of service are distrib- 
uted to plural buffer groups, which are partitioned into ^ 
groups every quality of service by the discriminating 
means (discriminating step), based on the additional in- 
. formation attached to the packets, then the packets 
stored in a plurality of buffer groups are assigned to dif- 
ferent times every buffer group by the boundary assign- 45 
ment controlling means (boundary assignment control- 
ling step) to pick up the packets, and then the packets 
that are pk^ked up by the boundary assignment control- 
ling means (boundary assignment controlling step) eve- 
ry different time are code-multiplexed by the code-mul- so 
tiplexing processing means (code-multiplexing process- 
ing step). Therefore, the packets having the almost 
same quality of service can be assigned on the same 
time base, and also the guarantee of the quality of serv- 
ice can be achieved easily without fail. 55 
[0111] Also, according to the present embodiment, 
the packets having different qualities of service are dis- 
tributed to K buffer groups, which are divided into groups 



from the first group to the K-th group (K is the integral 
number in excess of 2), every quality of service by the 
discriminating means (discriminating step) based on the 
additional information attached to the packets to store 
in the buffers In response to the empty states of respec- 
tive buffers in the buffer groups, then the looking-up of 
buffer is circulated through the K buffer groups every 
predetermined unit time by the boundary assignment 
controlling means (boundary assignment controlling 
step) to check the presence of the stored packets, then 
the looking-up of buffer is circulated through respective 
buffers of the buffer groups having the stored packets 
to take out the stored packets sequentially, and then the 
packets that are picked up by the boundary assignment 
controlling means (boundary assignment controlling 
step are code-multiplexed every unit time by the code- 
multiplexing processing means (code-multiplexing 
processing step). Therefore, the packets having the al- 
most same quality of service can be assigned on the 
same time base, and also the guarantee of the quality 
of servbe can be achieved easily. 
[0112] Also, according to the present embodiment, in 
the boundary assignment controlling means (boundary 
assignment controlling step), when the signals or the 
packets are to be assigned to different times or the unit 
time, the time width or the number of unit times every 
quality of service is set so as to change with a time. 
Therefore, the signals or the packets having particular 
quality of service can be assigned preferentially in re- 
sponse to the restriction of the quality of service and the 
received states (stored amount in the buffers) of the sig- 
nals or the packets, and also the guarantee of the delay 
quality can be achieved easily. 

[0113] In addition, according to the present embodi- 
ment, in the boundary assignment controlling means 
(boundary assignment controlling step), the assignment 
of the signals or the packets to different times or the unit 
time is carried out in compliance with the priority based 
on the quality of service of the signals or the packets. 
Therefore, if the signals or the packets having the se- 
vere limitation of the quality of servbe (delay quality), e. 
g., the severe limitation of the delay time, are assigned 
preferentially, the guarantee of the quality of service (de- 
lay quality) can be achieved easily without fall. 



Claims 

1 . A communication equipment comprising: 

a discriminating means for distributing signals 
having different qualities of service every qual- 
ity of service; 

a boundary assignment controlling means for 
assigning the signals, which are distributed 
every quality of service, to different times; and 
a code-multiplexing processing means for 
code-multiplexing the signals every time that is 
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30 



assigned by the boundary assignnnent control- 
ling means. 

A communication equipment comprising: 

5 

a plurality of buffer groups partitioned into 
groups every quality of service; 
a discriminating means for distributing paclcets 
having different qualities of service into the plu- 
rality of buffer groups based on additional infor- io 
mation attached to the packets; 
a boundary assignment controlling means for 
assigning the packets, which are stored in the 
plurality of buffer groups, to different times eve- 
ry buffer group to pick up the packets; and is 
a code-multiplexing processing means for 
code-multiplexing the packets that are picked 
up by the boundary assignment controlling 
means every different time. 

20 

A communication equipment comprising: 

K (K is an integral number in excess of 2) buffer 
groups partitioned into K groups from a first 
group to a K-th group every quality of service; 25 
a discriminating means for distributing packets 
having different qualities of service into the K 
buffer groups based on additional information 
attached to the packets to store the packets in 
response to empty states of respective buffers 30 
in the K buffer groups; 

a boundary assignment controlling means for 
circulating through the K buffer groups every 
predetermined unit time to check presence of 
sto red packets , and ci rcu lati ng th rou gh respec- 3s 
tive buffers in the buffer group having the stored 
packet to pick up the stored packets sequen- 
tially; and 

a code-multiplexing processing means for 
code-multiplexing the packets that are picked 
up by the boundary assignment controlling 
means every unit time. 

The communication equipment according to any of 
claims 1 to 3, ^s 

wherein the boundary assignment controlling 
means sets a time width or a number of unit times 
every quality of service to change with a time when 
the signals or the packets are to be assigned to the 
different times or the unit time. so 

The communication equipment according to any of 
claims 1 to 4, 

wherein the boundary assignment controlling 
means executes an assignment of the signals or the ss 
packets to the different times or the unit time in com- 
pliance with priorities based on the quality of service 
of the signals or the packets. 



6. The communicatbn equipment according to any of 
claims 1 to 5, 

whereinthequality of service Is a delay quality 
that represents delay tolerance or fluctuation in data 
transmission. 

7. The communication equipment according to claim 

wherein the delay quality is real time whose 
degree of delay tolerance is tess than a first toler- 
ance, non real time whose degree of delay toler- 
ance is more than a second tolerance, or quasi real 
time whose degree of delay tolerance is in a range 
from the first tolerance to the second tolerance. 

8. The communication equipment according to claim 
6, 

wherein the delay quality is real time whose 
delay fluctuation is less than a first fluctuation 
threshold, non real time whose delay fluctuation is 
more than a second fluctuation threshold, or quasi 
real time whose delay fluctuation is in a range from 
the first fluctuation threshold to the second fluctua- 
tion threshold. 

9. The communication equipment according to claim 
7 or 8, 

wherein the boundary assignment controlling 
means executes assignment of the signals or the 
packets to the different times or the unit time in order 
of the real time, the quasi real time, and the non real 
time. 

10. The communication equipment according to any of 
clairris 1 to 9, further comprising: 

a call-connection controlling means for control- 
ling a connection of call to other station; 

wherein, when the assignment of the signals 
or the packets to the different times or the unit time 
is to be executed at a regular time interval, the 
boundary assignment controlling means sets a pre- 
detennined time width or a predetennined numk>er 
of unit times to the quality of servtee with a highest 
priority at a first Interval of the regular time interval 
based on numbers of connection of call, which are 
connected by the call-connection controlling 
means. 

11. A communication method comprising: 

a discriminating step of distributing signals hav- 
ing different qualities of servbe every quality of 
service; 

a boundary assignment controlling step of as- 
signing the signals, which are distributed every 
quality of servk^e. to different times; and 
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a code-multiplexing processing step of code- 
nnuttiplexing the signals every tinne that is as- 
signed by the boundary assignment controlling 
means. 

12. A communication method for a communication 
equipment having a plurality of buffer groups parti- 
tioned into groups every quality of service, compris- 
ing: 

a discriminating step of distributing packets 
having different qualities of service into the plu- 
rality of buffer groups based on additional infor- 
mation attached to the paclcets; 
a boundary assignment controlling step of as- 
signing the packets, which are stored in the plu- 
rality of buffer groups, to different times every 
buffer group to pick up the packets; and 
a code-multiplexing processing step of code- 
multiplexing the packets that are picked up by 
the boundary assignment controlling step every 
different time. 

13. A communication method for a communication 
equipment having K (K is an integral number in ex- 
cess of 2) buffer groups partitioned into K groups 
from a first group to a K-th group every quality of 
service, comprising: 

a discriminating step of distributing packets 
having different qualities of service Into the K 
buffer groups based on additional information 
auached to the packets to store the packets in 
response to empty states of respective buffers 
in the K buffer groups; 

a boundary assignment controlling step of cir- 
culating through the K buffer groups every pre- 
detemnined unit time to check presence of 
stored packets, and circulating through respec- 
tive buffers in the buffer group having the stored 
packet to pick up the stored packets sequen- 
tially; and 

a code-multiplexing processing step of code- 
multiplexing the packets that are picked up by 
the boundary assignment controlling step every 

unit time. 

14. The communication method according to any of 
claims 11 to 13, 

wherein the boundary assignment controlling 
step sets a time width or a number of unit times eve- 
ry quality of service to change with a time when the 
signals or the packets are to be assigned to the dif- 
ferent times or the unit time. 

15. The communication method according to any of 
claims 11 to 14, 

wherein the boundary assignment controlling 



step executes an assignment of the signals or the 
packets to the different times or the unit time incom- 
pllar)ce with priorities based on the quality of service 
of the signals or the packets. 

5 

16. The communication method according to any of 
claims 11 to 15, 

wherein the quality of service is a delay quality 
that represents delay tolerance or fluctuation In data 
10 transmission. 

17. The communication method according to claim 16, 

wherein the delay quality is real time whose 
degree of delay tolerance is less than a first toler- 
is ance, non real time whose degree of delay toler- 
ance is more than a second tolerance, or quasi real 
time whose degree of delay tolerance is in a range 
from the first tolerance to the second tolerance. 

20 18. The communication method according to claim 16, 
wherein the delay quality Is real time whose 
delay fluctuation is less than a first fluctuation 
threshold, non real time whose delay fluctuation is 
more than a second fluctuation threshold,. or quasi 

2S real time whose delay fluctuation Is in a range from 
the first fluctuation threshold to the second fluctua- 
tion threshold. 

19. The communication method according to claim 17 
30 oris, 

wherein the boundary assignment controlling 
means executes assignment of the signals or the 
packets to the different times or the unit time in order 
of the real time, the quasi real time, and the non real 
35 time. 

20- The communication method according to any of 
claims 11 to 19, further comprising: 

40 a call-connection controlling step of controlling 

a connection of call to other station; and 

wherein, when the assignment of the signals 
or the packets to the different times or the unit time 

45 Is to be executed at a regular time interval, the 
boundary assignment controlling step sets a prede- 
termined time width or a predetermined number of 
unit times to the quality of service with a highest pri- 
ority at a first interval of the regular time interval 

50 based on numbers of connection of call, which are 
connected in the call-connection controlling step, . 

21. A communication program for causing a computer 
to execute the communication method set forth in 

55 any of claims 11 to 20. 

22. A computer-readable recording medium for record- 
ing the communication method set forth in any of 
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claims 11 to 20 as a program that is executed by a 
computer. 

23. A mobile station having the communication equip- 
ment set forth in any of claims 1 to 1 0, the commu- s 
nication program set forth in claim 21 , orthe record- 
ing medium set forth in claim 22. 

24. A base station having the communication equip- 
ment set forth in any of claims 1 to 1 0, the commu- io 
nication program set forth In claim 21 , or the record- 

Ing medium set forth in claim 22. 

25. A communication system having the communica- 
tion equipment set forth in any of claims 1 to 1 0. the is 
communication program set forth In claim 21 , orthe 
recording medium set forth In claim 22. 
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FIG. 9B 
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